Chemical sensors are used in many different applications, such as analytical tools, medical and biology research, security and detection systems, and food chemistry. Integrated sensors using organic devices have the advantage that organic light-emitting diodes (OLEDs) and organic photodiodes (OPDs) are easily processed on every type of surface. The resulting sensor is small, flexible, and integratable in every kind of packaging. In addition, with the right choice of dye it is sensitive to a vast variety of analytes (molecules of interest). In all photoluminescence (PL)-based sensor schemes, effectively separating excitation and emission light is a critical issue.
For a number of reasons, the usual technique of using edge filters for wavelength separation is not always suitable for integrated sensors made up of organic electronic components. The emission spectrum of OLEDs is usually very broad and overlaps with the PL of the sensor dyes. For fluorescent dyes with low Stokes shifts (small wavelength differences between excitation light and emitted light), edge filters with very steep transmission profiles are required. Sophisticated filters with steep edge slopes (e.g., interference filters) are expensive and cannot easily be used in integrated flexible sensor devices. Consequently, especially for fluorescent sensor dyes having small Stokes shifts, it is very difficult to separate excitation and emission while maintaining sufficiently high signal intensities. Several approaches have been tried. For example, Hoffmann's group incorporated the filter dye in the microfluidic channel. 1 Shinar and colleagues 2 demonstrated the sensing principle using OLEDs and inorganic photodiodes, and light separation using long-pass filters.
In our sensing technique, the carrier substrates for both optical devices, OLED and OPD, are polarization filters that are assembled into a front-detection sandwich geometry (i.e., the detector and excitation sources are facing each other) with both polarization filters in a crossed state with respect to one another. The excitation light passes the first polarization filter, resulting in linearly polarized light. This light excites the luminescent dye, yielding depolarized fluorescent light. Linearly polarized excitation light that has not been absorbed by the dye is blocked by the second filter. In contrast, light emitted from the fluorescent dye, which is depolarized to a certain degree, can pass the second filter and reach the photodetector (see Figure 1) .
The polarizer films provided by ITOS GmbH (LPG33) are based on polyvinyl alcohol. The extinction ratio of light of the crossed polarizers is higher than 10 5 at wavelengths between 500 and 700nm, which is sufficient to effectively suppress the excitation light of the green light-emitting diodes (compare Figure 2) .
A familiar method of gas-phase and solution oxygen sensing is based on the dynamic quenching of the PL of oxygen-sensitive dyes, such as rubidium complexes and platinum (Pt) or palladium porphyrins. Optical pH sensing is usually done using fluorescent dyes, which change their emission properties in response to protonation or deprotonation of the dye molecule. (Wellknown pH-sensitive dyes include various fluorescein derivatives.)
Our concept enables the detection of oxygen using the dye Pt(II) meso-tetra(pentafluorophenyl)porphyrin (Pt-TFPP) dissolved in a polystyrene matrix and a green light-emitting OLED (IPMS Dresden) as the excitation light source. Figure 3 shows the photocurrent measured at the OPD after exposure of the sensor dye to different oxygen concentrations. The results indicated a reversible and fast response of the sensor system to changes in oxygen concentration.
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For pH measurements, fluorescein-isothiocyanate (FITC, Fluka) was used as fluorescent dye, and pH values were adjusted using phosphate buffer solutions. Here we used a blue light-emitting OLED (IPMS Dresden) as the excitation light source for the FITC. Because the Stokes shift for this dye is small, separating the excitation and emission light would be especially demanding using edge filters. Using the proposed polarization approach, however, it can easily be accomplished (see Figure 4) . In summary, we describe for the first time an all-organic optical sensing method based on a novel concept for separating excitation and emission light by exploiting their different polarization states. The main advantages of this approach are that it disregards the dimension of Stokes shift and enables the use of light sources with very broad emission spectra, such as OLEDs. We believe that our technique is the most promising and convenient way to construct integrated optochemical sensors using organic electronic-based light sources and photodetectors. A critical point when working with polarization filters is the accurate alignment of the two filters with respect to each other. The next steps of our work will focus on developing a microfluidic system using the two polarization filters as supporting and covering substrates.
